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Abstract 

We study the fine-tuning problem in the context of general gauge 
mediation. Numerical analyses toward for relaxing fine-tuning are pre- 
sented. We analyse the problem in typical three cases of the messenger 
scale, that is, GUT (2 x 10^^ GeV), intermediate (10^° GeV), and rel- 
atively low energy (10^ GeV) scales. In each messenger scale, the pa- 
rameter space reducing the degree of tuning as around 10% is found. 
Certain ratios among gluino mass, wino mass and soft scalar masses are 
favorable. It is shown that the favorable region becomes narrow as the 
messenger scale becomes lower, and tachyonic initial conditions of stop 
masses at the messenger scale are favored to relax the fine-tuning prob- 
lem for the relatively low energy messenger scale. Our spectra would also 
be important from the viewpoint of the fi — B problem. 
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1 Introduction 



Low-energy supersymmetric extension of the standard model is one of promising candidates 
for a new physics at a TeV scale. The supersymmetry (SUSY) can stabilize the huge hierarchy 
between the weak scale and the Planck scale. That is a motivation for the low-energy SUSY. 
In addition, the three gauge couplings are unified at the grand unified theory (GUT) scale, 
2x 10^^ GeV, in the minimal supersymmetric standard model (MSSM). Also, supersymmetric 
standard models have candidates for the dark matter. 

Although low-energy SUSY solves the (huge) hierarchy problem between the weak scale 
and Planck/GUT scale, a few percent of fine-tuning is required in the MSSM as follows. The 
lightest CP-even Higgs mass rrih is predicted as rrih < Mz at the tree level in the MSSM, 
but that is smaller than the experimental bound rrih > 114.4 GeV. However, the Higgs mass 
receives a large radiative correction depending on the averaged stop mass [U [2]. The 
experimental bound ruh > 114.4 GeV requires rrif > 1 TeV when |ylt|/mj < 1.0, where At 
is the so-called A-term corresponding to the top Yukawa coupling. On the other hand, the 
stop mass also has a renormalization group (RG) effect on the soft scalar mass of the 
up-sector Higgs field as [3], H] 

Ami --M^fln— , (1) 

where yt is the top Yukawa coupling and A denotes a cut-off scale of the MSSM such as the 
Planck scale or GUT scale. This RG effect |Am|^^| would be comparable to the stop mass 
with a negative sign. Furthermore, the successful electroweak (EW) symmetry breaking 
requires 

^M|~V-<„, (2) 

where fi denotes the supersymmetric mass of the up-sector Higgs field and the down- 
sector Higgs field H^. If f^l^ ~ """^f ^^"^ = ^(1) TeV, one needs a few percent of 
fine-tuning between /x^ and in order to derive the correct value of Mz- That is the so- 
called little hierarchy problem [5j. Several works have been done to address this issue [6]-|24j. 
Some of them include extensions of the MSSM. 

In the bottom-up approach [25], it is found that non-universal gaugino masses with a 
certain ratio are favorable to improve fine-tuning in the MSSM when the messenger scale of 
SUSY breaking is the Planck/GUT scale. Such a favorable ratio of gaugino masses can be 
realized in the TeV scale mirage mediation [261 [271 [IS [H] ^^^^ gravity mediation, e.g. moduli 
mediation [281 ES] and the SUSY breaking scenario, where F-components of gauge non- 
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singlets are sizable [291 EOl [21] U- On the other hand, the spectrum of the constrained MSSM 
with the universal gaugino mass would be unfavorable. It is also pointed out that a negative 
value of the stop mass squared at the Planck/ GUT scale would also be favorable [HI [19]. 

Since the minimal gauge mediation [33] leads to the universal gaugino mass, that would 
be unfavorable from the viewpoint of fine-tuning [TTl [32] . Recently, Meade, Seiberg and 
Shih have extended the gauge mediation to general gauge mediation (GGM) [31]. (See also 
[3S]-[1S]-) That leads to non-universal gaugino and soft scalar masses. Thus, it is important 
to study fine-tuning in the GGM. That is our purpose. § The important difference of the 
gauge mediation (including GGM) from other mediation scenarios such as gravity mediation 
is that the messenger scale can vary from the GUT scale to a TeV scale and predicted A- 
terms are very small in most of models. These would also lead to an important difference in 
the fine-tuning behavior. 

This paper is organized as follows. In section 2, we briefly review on the fine-tuning 
problem in the MSSM. Section 3 is also a brief review on the GGM. In section 4, we analyse 
numerically on fine-tuning in the GGM. In section 5, we give a comment on the fi — B 
problem. Section 6 is devoted to conclusion. 

2 Fine tuning in the MSSM 

Here, we briefly review the fine-tuning problem in the MSSM by showing explicitly equations. 
In our analysis, we neglect the Yukawa couphngs except the top Yukawa coupling yt. Then, 
the Higgs sector in the MSSM is described as the following superpotential, 

W^Higgs = ^iHuHd + ytQaUsH^, (3) 

where Q3, and f/3 are the chiral superfields corresponding to the left- and right-handed top 
quarks, respectively. The Higgs fields and top-stop multiplets as well as the gaugino fields 
play an important role in the fine-tuning problem. Thus, we concentrate on these fields. 
Their soft SUSY breaking terms are given by 

+ifiBH^Hd + VtAtQ^UsH^ + h.c), (4) 

where mx {X = Hu^d, Q3, f/3) are the soft scalar masses for X, respectively, fiB is the SUSY 
breaking mass, i.e. the so-called B-teim. Note that we utilize the same notation for denoting 
a chiral superfield and its lowest scalar component. 

^ Those spectra with less fine-tuning also have interesting aspects on the dark matter physics [21] • 
2 See also [31 SI]- 
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The soft SUSY breaking mass for the up-type Higgs rriH^ is subject to relatively large 
logarithmic radiative correction ([1]) from mainly stop loops. The radiative correction Am|^^ 
is comparable to the stop mass with the negative sign, i.e. Am|^^ ~ ""^f- Such a large and 
negative correction leads to the EW symmetry breaking at the weak scale. Here, we define 
the averaged top squark mass as 



(5) 



A stationary condition of the Higgs potential gives the relation among the Z boson mass 
Mz, the fi parameter and soft scalar masses, rrij^^ and TH-j^ , clS 



where tan (3 



2 tan2/5- 1 

{Hu) / {H(i) . The lightest Higgs boson mass is constrained by 
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within the 2-loop approximation [2], where f 
the running top squark mass at Mz- 

The current experimental lower bound for the Higgs mass is given by the LEP experiment 
as m/i > 114.4 GeV. In order to realize m^ > 114.4 GeV, a large top squark mass is required 
1 TeV when \At{Mz)/mf:\ < 1.0. The soft scalar mass of the up-sector Higgs field. 



as m 



mHu suffers from a large radiative correction according to such a large top squark mass 
through ([1]). Therefore, a few percent of fine-tuning between m^^ and /i^ is required in ([6]) 
in order to realize the EW symmetry breaking with the experimentally observed Z boson 
mass, Mz ^91.2 GeV. That is the so-called little hierarchy problem. We investigate this 
fine-tuning problem in the context of the GGM. Furthermore, when \At{Mz)/mf\ < 1.5, 
the condition m^ > 114.4 GeV requires m^ > 500 GeV. Hence, the stop mixing At/m^ is 
important [21 HT] . 

3 General gauge mediation 



Before considering the fine-tuning problem in the GGM, we also give a brief review on the 
GGM. Recently, Meade, Seiberg and Shih have presented the most general spectrum which 
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can be obtained in gauge mediated SUSY breaking model [3lj. A careful definition of gauge 
mediation mechanism has been given in the work, that is, in the limit that the MSSM gauge 
couplings ai 0, the theory decouples into the MSSM and a separate hidden sector which 
breaks SUSY. Following the convention, we label the gauge groups, SU{3), SU{2) and U{1) 
of the MSSM by a = 3,2,1, respectively. Within the framework of the GGM, the three 
gaugino masses Ma {a = 1, 2, 3) of the MSSM are given at the messenger scale M as. 

Ma = 2glBa. (8) 

In general, Ba {a = 1,2,3) are three independent complex parameters. If CP phases of Ba 
are not aligned each other, that would lead to a serious CP problem. Thus, we use Ba as 
three real parameters. The soft scalar masses squared are also given in the GGM as 

3 

m} = glYfC + J29tc2{f;a)Aa, (9) 

o=l 

at M, where C2(/; a) is the quadratic Casimir of the representation of fermion / under the 
gauge group corresponding to the label a. Here, Aa (a = 1, 2, 3) are three independent real 
parameters. Hereafter, we concentrate on the models with ( = o|f| In this case, there are 
the mass relations at M 

+ ^Df + m% - - 2m]j^ = 0, m^^ = m^,, (10) 

where mq^, mu^., mof-, ttll^, and rriEj denote soft scalar masses for the f-th generation of 
the left-handed squarks, up-sector right-handed squarks, down-sector right-handed squarks, 
left-handed sleptons and right-handed sleptons. Thus, the f/(l)y -D-term S, i.e., 

3 

^ = "^k - + ^("^Qf + + "T'Ef - "^l; - 2m^p, (11) 
/=i 

vanishes at the messenger scale M. Furthermore, its RG equation is given as 

(4vr)2^ = -hgl{t)S{tl (12) 

where t = 2\og{Mz/ ft), fi is an arbitrary energy scale, and bi = 33/5 (and 62 = 1, &3 = —3 
for references). Thus, when S is vanishing at M, it vanishes at any scale. For concreteness, 
we show explicitly the initial conditions of the soft scalar masses, mq^, mu^, mn^ and mn^ 

This situation, C — 0, can be realized by invoking messenger parity. 
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as 



^gt{M)A, + lgt{M)A, + ^ \tiM)A, 



^a^(M)a3 + ^al{M)a2 + -i-(5?(M)ai 

oU 



gt{M)A, 



^dil{M)a:, + ^al{M)ai 



\g',{M)A, + U±\] gt{M)A, 



(13) 



3 3 
-02(^)02 + —al{M)ai 



4 zv . ^ 20 

where = aa/(47r) = 5f^/(47r)^. Here, we have defined the ratios 

— n2 ' 

for convenience. Similarly, we define the ratios of gaugino masses to the gluino mass. 
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The initial condition of the A-term in the GGM is given as 



^ = 0, 



(14) 



(15) 



(16) 



at M . Thus, the A-term At at the weak scale is given only by the RG effect between the 
weak scale and the messenger scale M. This initial condition is important because the stop 
mixing At /mi at the weak scale has a significant effect on the Higgs mass ([7]). 

By utilizing these gaugino and sfermion masses given in the GGM, we numerically analyze 
the fine-tuning problem in the next section. 



4 Numerical Analyses 

We study the fine-tuning problem in the GGM and present numerical analyses. In gauge 
mediated SUSY breaking models, phenomenological consequences at the EW scale generally 
depend on the messenger scale M. We present our analyses for three typical messenger 
scales, that is (i) GUT scale M = Aqvt = 2x GeV, (ii) intermediate scale M = 10^° 
GeV, and (iii) relatively low energy scale M = 10® GeV. 
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Firstly, we give the soft parameters at the EW scale by integrating the 1-loop RG equa- 
tions [3]. The gaugino mass at the EW scale are 



Mi(Mz) ~ 0.4285i, (17) 
M2{Mz) - 0.859^2, (18) 
M^iMz) - 3.00^3. (19) 

In this analysis, we use the values of gauge couplings at the EW scale as ai{Mz) — 1.36 x 



10-^ a2{Mz) ~ 2.72 x 10~^ and a^iMz) ~ 9.50 x lO'^. These couplings in the MSSM 
would be unified at the GUT scale within a good accuracy. In addition, we use the running 
top mass rrit = 164.5 GeV at Mz and tan/5 = 10 for numerical analysis. 

The scalar masses such as mq^, mu^, mn^^-, and At, which are important to discuss the 
fine-tuning problem, are given for each typical messenger scale as 
(i) M = Agut, 

~ 6.075| - 0.012051^3 - 0.00754^2 - 0.08345253 
-0.002455i52 + 0.4375^ 

-0.116m^jM) + 0.884m^3(M) - 0.116m^3(M), (20) 
~ 5.115^ - 0.02405i53 + 0M95BI - 0.167 B2B3 
-0.004905x52 - 0.20252^ 

-0.232m^jM) - 0.232mj3(M) + 0.768m^3(M), (21) 
~ -2.905^ - 0.03615i53 + 0.005055^2 _ 0.2505253 
-0.007355i52 + 0.23552 

+0.652m^jM) - 0.348m^3(M) - 0.348m^3(M), (22) 
- 0.53852 + 0.041552 + m^^(M), (23) 
~ 2.2053 + 0.27852 + 0.03525i, (24) 



ml,{Mz) 
ml,{Mz) 
<AMz) 

AAMz) 
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(ii) M = 10^" GeV, 

m^3 (Mz) ~ 5.4352 - 0.003275x53 - 0.0009405^2 - 0.03315253 
-0.0004045i52 + 0.22752 

-0.0958m|^jM) + 0.904m^3(M) - 0.0958m^3(M), (25) 
ml^{Mz) - 4.765| - 0.006545i53 + 0.014252 - 0.06615253 
-0.0008075i52 - 0.070152 

-0.192m|^jM) - 0.192m^3(M) + 0.808m^3(M), (26) 
mjjjMz) ~ -2.035| - 0.009815x53 + 0.0040552 - 0.09925253 
-0.001215x52 + 0.157532 

+0.712mjj^{M) - 0.288m^3(M) - 0.288m^3(M), (27) 
rriH^iMz) ~ 0.26252 + 0.01035x2 + m^^(M), (28) 
At{Mz) - 1.9353 + 0.18152 + 0.01675x, (29) 

(iii) M = 10^ GeV, 

j2 n nnn^oo ID id nnnnnoc;oD2 



m^Q^iMz) ~ 4.2452 - 0.0007335x53 -0.00003535x2-0.00879525, 



3 



-0.00006035x52 + 0.11152 



2 

-0.0669m^jM) + 0.933m^3(M) - 0.0669m^3(M), (30) 
ml^{Mz) ~ 3.9052 - 0.001475x53 + 0.005635x2 -0.01765253 
-0.0001215x52 - 0.0198522 

-0.134m^jM) - 0.134m|3(M) + 0.866m^3(M), (31) 



mjj^iMz) ~ -1.0352 - 0.002205x53 + 0.002345x2 - 0.0264525; 
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-0.0001815x52 + 0.0914522 

+0.799m^jM) - 0.201m^3(M) - 0.201m^3(M), (32) 

mj^^{Mz) ~ 0.121522 + 0.003665x2 + m^^(M), (33) 

At{Mz) ~ 1.4753 + 0.10552 + 0.008505x. (34) 

Here, we have used the initial conditions, At{M) = S{M) = 0. The change of RG effects 
between the cases (ii) and (iii) is rather drastic compared with one between (i) and (ii). 

If all soft parameters are taken as the same order, 5^ ~ mx{M), the averaged top squark 
mass is approximated for each messenger scale as 

6.05| in the case (i) 

m2 ~ 5.752 ^g^gg ^--^ _ ^gg-j 

4.85| in the case (iii) 
7 



For a fixed value of \At{Mz)/'m^\, a large value of m? would be favorable to realize the Higgs 
mass nih > 114.4 GeV. That implies that a higher messenger scale would be favorable for a 
fixed value of the gluino mass, i.e. B3. In order to satisfy the experimental bound for the 
Higgs mass, the lower bound for B3 is roughly estimated as 

( 200 (410) GeV for \AtiMz)/mi\ < 1.5 (1.0) in the case (i) 
B3 > I 210 (420) GeV for |v4t(Mz)/mt| < 1.5 (1.0) in the case (ii) . (36) 
[ 230 (460) GeV for \At{Mz)/mi\ < 1.5 (1.0) in the case (iii) 

Furthermore, we can estimate the stop mixing \At{Mz)/'mj:\. For example, for Ba ~ 
mx{M) we estimate 

{1.0 in the case (i) 
0.89 in the case (ii) . (37) 
0.72 in the case (iii) 

A large value of \At{Mz)/mf:\ would be favorable to realize the Higgs mass ruh > 114.4 GeV. 
That implies that a higher messenger scale would be favorable. 

On the other hand, the dominant part of the RG effects in m|^^ (l22l) . ( 1271) and ( l32l) is due 
to the gluino mass, i.e. B^. If B^ ~ 500 GeV, we need fine-tuning between m'jj^ and /i^ to 
realize Mz- The absolute value of coefficient of -B| in m'\j^{Mz) decreases as the messenger 
scale M decreases. Thus, for a fixed value of i?3, the degree of fine-tuning is reduced as the 
messenger scale becomes lower. 

Thus, the tension between the fine-tuning and the lower bound of the Higgs mass m/j > 
114.4 GeV depends non-trivially on the messenger scale M. Also that would depend on 
ratios among gaugino masses and scalar masses, although we have used Ba ~ mx{M) in the 
above estimation. 

Toward the numerical analyses of the fine-tuning problem, we introduce fine-tuning pa- 
rameters [5], 

_1 Y (9M| 

= 2 M|^' ^^^^ 

which indicates that we need 100/ Ay percent of fine-tuning for Y to derive Mz- A larger 
value of Ay means more severe fine-tuning to be required. 

If Ba and Aa are independent of each other, fine-tuning for B^ would be most severe, 
because m\^{Mz) depends dominantly on B^. For example, we can calculate 
(i) M = Agut 

Ab3 = 5.85M| + (0.0364Mi + 0.253M2)M3, (39) 
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(ii) M = 10^° GeV 

= 4.10M| + (0.00990Mi + 0.100M2)M3, (40) 

(iii) M = 10^ GeV 

= 2.08M| + (0.00222Mi + 0.0266M2)M3, (41) 

where Ma = Ba/Mz- It is found that the coefficients of the terms become small as the 
messenger scale becomes lower. If A^., < 10 is required under the condition Bi = B2 = -B3, 
the allowed value of ^3 are (i) ^3 < 110 GeV, (ii) ^3 < 140 GeV, and (iii) ^3 < 190 GeV. 
They could not satisfy the bounds on the Higgs mass (l36l) . On the other hand, when we 
take B3 ~ 500 GeV, we find that severe fine-tunings such as (i) A^g ~ 200, (ii) Ab^ — 140, 
(iii) A53 ~ 70 are needed. 

We have assumed that Ba and Aa are independent of each other. However, in a definite 
theory, they are not independent, but certain ratios are predicted in each theory. That is, 
in a definite theory there is one parameter, which determines the overall size of soft SUSY 
breaking terms. We choose -B3 as such a parameter and the ratios and ba are fixed in a 
theory. Then, we consider the fine-tuning only for B3, i.e. A^g under fixed ratios of and 
ba- Varying and ba means that we compare different theories in the theory space of the 
GGM. Then, the fine-tuning parameter can be rewritten as 

(i) M = Agut 

Ab3 = M|(5.85 + O.5O662 - 0.4656^ + 0.508a3 - 0.122a2 + 0.07286i + O.OMS^i^a 

- 0.009366^ + 0.00132ai), (42) 

(ii) M = 10^° GeV 

Ab3 = M|(4.10 + O.2OO62 - 0.3116^ + 0.825a3 - 0.143a2 + 0.01986i + 0.002456i62 

- 0.007986^ - 0.00495ai), (43) 

(iii) M = 10^ GeV 

Ab3 = M|(2.08 + 0.053362 - 0.1826^ + l.04a3 - 0.183a2 + 0.004446i + 0.0003656i62 

- 0.004656? - 0.00821ai). (44) 

Coefficients of 61 and ai in the above equations are very small. Thus, those terms would not 
be important unless bi = (9(10) or ai = (9(100). Therefore, we concentrate on others and 
throughout our numerical analyses we take 61 = ai = 1 as a typical value. It is found that 
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the coefficients of 02 and which determines the wino mass, are negative. Hence, it would 
be favorable to cancel the dominant term by relatively large 62 and/or 02- That is, models 
satisfying 



(i) M = A 



GUT 



fii) M = 10'" GeV 



fiii) M = 10^ GeV 



5.85 + O.5O662 - 0.4656^ + 0.508a3 - 0.122a2| < 1, (45) 



4.10 + O.2OO62 - O.3II62 + 0.825a3 - 0.143a2| < 1, (46) 



|2.08 + 0.053362 - 0.1826^ + 1.04a3 - 0.183a2| < 1, (47) 

would be interesting in the theory space. For fixed values of 02 and 03, a favorable value of 
62 is determined. That means a favorable ratio between the gluino and wino masses such 
as Ref. [25]. For a fixed value of 62, a linear correlation between 02 and 03 is required. On 
the other hand, for a fixed value of 02 (03) a quadratic relation between 62 and (02) is 
required. 

The results of numerical analyses are shown in Figs. [TJIH Fig. [1] (a) and (b) show 
three curves corresponding to Ab^ = 5, 10, 15 for B-s = 500 and 300 GeV in the case (i), 
respectively. The darkest (darker) solid lines correspond Ab-^ = 5 (10). The dotted (red) 
curve is rrih = 114.4. GeV and the shaded (yellow) region corresponds to the region with 
rrih > 114.4 GeV. In these figures, we fix 61 = ai = 1 and 62 — 4.19 for (a) and 62 — 4.01 for 
(b). These values of 62 lead to A^g = 10 when 61 = ai = 02 = 03 = l|l These figures mean 
how mush stable the region with = 10 is in the (02, 03) plane, when 62 is fixed such that 
Ab^ = 10 is realized for 61 = ai = 02 = 03 = 1. We find from Fig. [1] (a) that a2 ^ 5 and 
03 < 2 are required to realize Ab^ ~ 10. Fig. [1] (b) shows that these upper bounds of both 
a2 and 03 are raised for B3 = 300 GeV. It is seen from (142|) that the widths among three 
lines become wider as the -B3 becomes lower. The lower bound for 02 and 03 are evaluated 
as (02,03) > (-45,-10) for ^3 = 500 GeV and (-40,-9) for 300 GeV. These results are 
insensitive to a value of ai, even if ai is larger such as ai ~ (9(10). Figure [T] (c) and (d) 
correspond to the case of (62,-83) = (1,500 GeV) and (62,-83) = (1,300 GeV), respectively. 
The lower bounds for 02 are raised to 02 ^ — 10. It can be also found that the favorable 
region is 03 > — 15. 



^There is another value of 62, which is negative and its absolute value is similar for positive one, to lead 
to = 10 when bi = ai = a2 = 03=!. In this work, we focus on only a positive value of solution but our 
results are not modified for a negative one. 
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Figure 1: Lines and curve for the case (i) determined by constraints from A^g = 5,10,15 
(solid lines), nih = 114:. A GeV (dashed (red) curve), and experimentally allowed region 
ruh > 114.4 GeV (shaded (yellow) region). The darker and darkest solid lines correspond 
= 10 and 5, respectively. We take as 6i = ai = 1 in all figures, (a) for B3 = 500 GeV 
and b2 ~ 4.19. (b) for B3 = 300 GeV and 62 ^ 4.01. These values of 62 lead to A^., = 10 
when 61 = ai = 02 = 03 = 1 in each value of B3. (c) for B3 = 500 GeV and 62 = 1- (b) for 
B3 = 300 GeV and 62 = 1- 
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Figures [2] and [3] show the results of the same analyses as case (i) for the cases (ii) and 
(iii), respectively, but (a) and (c) for B^, = 1 TeV and (b) and (d) for = 500 GeV in Fig. 
[3l For the messenger scale of M = 10^ GeV, there is no region corresponding to A^, ~ 10 
and rrih > 114.4 GeV when the gluino mass is relatively light such as B3 ~ 300 GeV. Fig. H] 
corresponds to the enlargement of Fig. [31 All favorable regions shown in figures also satisfy 
the experimental bound of the top squark mass, m^-^ > 95.7 GeV. The allowed regions 
become generally narrow as the messenger scale becomes lower. Especially, the values of 
02 and as are constrained to only negative values for (M, i?3, 62) = (10^ GeV, 500 GeV, 1) 
shown in Fig. [3](d). This means that tachyonic scalar masses are required at the messenger 
scale to reduce the fine-tuning in the context of the GGM. 

Toward for future model building of the GGM to relax the fine-tuning problem, we present 
a summary of a typical parameter space in Tables [T][2][3l When we fix as 03 = 1, which is 
always allowed in all cases of the messenger scale, the favorable regions are obtained as 

(i) M = Agut 

< 62 ^ 7 for - 100 < a2 ^ 40 and B^ = 500 GeV, (48) 
< 62 < 6.5 for - 100 < a2 < 40 and B3 = 300 GeV, (49) 

(ii) M = 10^° GeV 

2 < 62 < 8 for as = 1, - 100 < 02 < 20, and B3 = 500 GeV, (50) 
< 62 < 6.5 for as = 1, - 100 < a2 < - 10, and B3 = 300 GeV, (51) 

(iii) M = 10^ GeV 

5 < 62 ^ 11 for as = 1, - 100 < a2 < 5, and B3 = 1000 GeV, (52) 
5 < 62 < 10 for as = -1, - 100 < a2 < - 10, and B3 = 500 GeV. (53) 

Our results show that a certain ratio between the gluino mass and wino mass is favor- 
able. Also, the tachyonic initial condition for stop masses at the messenger scale would be 
favorable, in particular in the low messenger scale scenario. For M < 10^ GeV, the favorable 
region corresponds to only negative values of both a2 and as. The A-teim At plays a role in 
this result. Its initial value vanishes at M, i.e. At{M) = 0, and its value at Mz is generated 
by RG effect as Eqs. (l24l) . (129|) . (134]) . which are determined mainly by B3 and B2. However, 
a value of |ylf(M2)| at Mz is smaller as the messenger scale becomes lower, because the 
RG effects become smaller. On the other hand, a large value of the stop mixing \At/mt\ is 
favorable to increase the Higgs mass, rrih. Thus, if a value of |y4f(M2)| is small, we have to 
decrease a value to obtain a large stop mixing \At/mf \. That can be realized by imposing 
the tachyonic initial condition of the stop mass at M. 
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Table 1: Favorable parameter regions for (i) M = Agut- 



B-s [GeV] 


b2 


02 


ag 


Figure 


500 


4.12 


-35 < a2 < 15 


-5 < ag < 


3 (a) 


300 


3.86 


-35 < a2 < - 10 


-5 < ag < - 1 


3(b) 


500 


1 


-10 < a2 < 10 


-6 < ag < - 3 


3(c) 


300 


1 


-12<a2< -2 


-5 < ag < - 4 


3(d) 



Table 2: Favorable parameter regions for (ii) M = 10^° GeV. 

We also give the mass spectra of gluino, wino, and stop for typical parameters of the 
favorable regions in Table HI We find that the smallest masses of wino and stop are realized 
in the case (i) with i?g = 300 GeV, ag = —1, and a2 = 30 as M2 — 517 GeV and ^ 555 
GeV. On the other hand, the largest masses of wino and stop are given in the case (iii) with 
B3 = 10^ GeV, ag = 1 and a2 = -50 as M2 ~ 7150 GeV and ~ 2420 GeV. 

5 fi — B problem 

Here, we comment on the /i-term and B-teim. How to generate the //-term and i?-term is 
another important issue. Within the framework of the gauge mediation, a simple mechanism 
to generate the //-term would lead to 

^ = 0{167t'). (54) 

This ratio would cause a problem if 

fx'r^ml^iMz), ml^{Mz). (55) 

When both and (!55|) hold, we could not realize the successful EW symmetry breaking. 
That is often called the fi — B problem of the gauge mediation. 

However, in the previous section, we have studied models with spectra different from 
Eq. (!55l) . From the viewpoint of fine-tuning between fi^ and mjj^lMz), the favorable spec- 
trum is that /i, \mH^{Mz)\ = (9(100)GeV and other SUSY breaking masses are of order of a 
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Table 3: Favorable parameter regions for (ii) M = 10^ GeV. 



few TeV. Indeed, if we can obtain the following hierarchy, 

/^^ ~ < A^S < m^^, (56) 



we can realize the successful EW symmetry breaking. It has been already pointed out in [48] 
that the above hierarchy would be favorable in the gauge mediation. Also, such a pattern 
has been studied within the framework of the TeV scale mirage scenario [2], i.e. the mass 
pattern II. 

This pattern of hierarchy can be realized in our analyses. A relatively large B2 is favorable 
to obtain a large mj^^ seen as in ( l23l) . (l28l) . and (l33l) . For example, if we take M = 10^ GeV, 
B3 = 1 TeV, 03 = 1, 02 = -50, and 62 ^ 8.32, which lead to = 10, M3 ~ 3 TeV, and 
M2 ~ 7.15 TeV, and = 2.42 TeV, we obtain 

mn^iMz) - 2.89^ TeV^. (57) 

By using 

sin 2P = —— — ^ , (58) 

with tan/3 = 10, the above value of mjj^Mz) — 2.89^TeV^ determines the value of fiB as 

IJ.B ~ 911=^ GeVl (59) 
That is, we have fiB/fi^ = (9(100) for fi ~ 100 GeV. Such a ratio ^B/fi^ could be realized 



Therefore, this parameter 



by a simple mechanism to generate the /i-term and 5-term ( 154|) .^ 
set, which relaxes the fine-tuning problem, would also be favorable from the viewpoint of 
the fi — B problem. 



^ In this example, we use the large ratio of |a2/a3|, i.e. 03 = 1 and 02 = —50, but realization of such 
a ratio may not be straightforward in explict model building. As another example, we take M = 10^° 
GeV, B3 = 500 GeV, 03 = 1, as = 1, and &2 ^ 4.12. This example leads to ttihAMz) ^ 1-06 TeV and 
fJ-B/fi'^ = 0(10). That would lead to the above hierarchy ([56]) although the gap of hierarchy would be smaller 
than the first example. 
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Table 4: Mass spectra of gluino, wino, and stop in typical parameter space. 

6 Summary 

We have studied the fine-tuning problem in the context of general gauge mediation. Numer- 
ical analyses toward for relaxing the fine-tuning in the problem have been presented. We 
analysed the problem in typical three cases of the messenger scale, that is, GUT (2 x 10^^ 
GeV), intermediate (10^° GeV), and relatively low energy (10^ GeV) scales. In each case, the 
parameter space with less fine-tuning such as 10% has been found. It has also been shown 
that the favorable region becomes narrow as the messenger scale becomes lower, especially, 
— 10 < 02 ^ 50 and —15 ^ cts ^ are allowed for = 500 GeV and 6i = 62 = o-i = 1 in the 
case (i), —10 < 02 ^ 10 and —6 < 03 < — 3 for i?3 = 500 GeV and 61 = 62 = c^i = 1 in the 
case (ii), and — 5 < 02 < — 3 and — 3 < 03 < — 2 for = 500 GeV and 61 = 62 = c^i = 1 in 
the case (iii). Our results imply that certain ratios between the gluino and wino masses as 
well as scalar masses are favorable to relax the fine-tuning problem. Also, tachyonic initial 



18 



conditions of scalar masses are favored, in particular in the relatively low messenger scale 
scenario. Furthermore, the type of spectra with fi ^ 100 GeV and a few TeV of other SUSY 
breaking masses is also favorable from the viewpoint of the fi — B problem. Thus, it would 
be important to construct explicit models, which realize certain ratios among gaugino and 
scalar masses. 

Note to be added 

While this paper was being completed, Ref. [19] appeared, where also fine tuning in the 
GGM was studied. 
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